nlike subscription journals, Open Access (OA) journals are freely available online. Approximately 5 percent of academic and professional journals have adopted some type of OA publishing model, 1 and the proportion is much higher in certain subject areas. For example, 27 percent of the 174 journals in the Web of Science general medicine and research medicine categories are Open Access, and another 14 percent are hybrid journals that provide free access after an embargo period or for certain types of articles. 2 From September 2004 to August 2010, the number of titles listed in the Directory of Open Access Journals (DOAJ) rose from 1,250 to more than 5,200. 3 However, other evidence suggests that the number of new OA journals introduced each year has declined since its peak in 2001. 4 In any case, OA journals appear to be growing in importance among college and university faculty. From 1997 to 2007, the proportion of scholars who reported knowing of one or more OA journals in their disciplines increased from 50 percent to more than 95 percent. By 2007, up to 40 percent of active scholars had published at least once in an OA journal. 5 OA journals are also likely to benefit from a recent National Institutes of Health policy that mandates free online access to all NIH-funded research after an embargo period.
3. Greater accessibility, along with an increase in the number of specialized and regional journals, may encourage the publication of articles by authors outside the major North American and European research universities. However, this will be possible only if the publication fees charged by OA journals do not limit the participation of authors who do not have access to major research funding. 10 While our study does not address these issues directly, it does investigate a set of related questions: How many OA journals and articles are there? Who publishes them? Do noncommercial publishers have an especially significant role? Are publishers outside North America and Europe especially well represented? How common are publication fees, and what is the usual range of fees? Finally, do OA journal characteristics vary systematically by academic discipline or by publisher type?
This paper describes the characteristics of the journals listed in the Directory of Open Access Journals within six subject categories: biology, computer science, economics, history, medicine, and psychology. 11 We present data on the size distribution of OA journals (articles per year) as well as information about publishers, dates of OA publication, countries and languages of publication, publication fees, and citation impact factors. The first part of the paper, "Characteristics of Open Access Journals," examines all 663 OA journals in the six subject areas. The second part, "Comparing OA and Subscription Journals," evaluates the differences between the 70 OA journals with impact factors and a set of 70 comparable subscription journals. This study updates previous research on OA journal characteristics, explores the differences between OA and subscription journals, and provides benchmark data that may be useful in future investigations.
Our analysis includes only active, refereed, English-language journals that provide free, immediate access to all journal content. While OA archives such as ArXiv and RePEc have gained prominence within certain subject areas, 12 those archives are not peer-reviewed and are therefore not within the scope of our study.
Previous Research
Three previous studies have evaluated the general characteristics of OA journals. The most comprehensive investigation, by the Kaufman-Wills Group, presented 2005 data for several types of OA journals including a sample of 248 titles listed in DOAJ. 13 At the time of the Kaufman-Wills study: 1 investigated, our presentation highlights the similarities and differences between our findings and theirs. We believe our results are more reliable, however, since our analysis is based on data for all 663 OA journals that met the criteria for inclusion in the study. The KaufmanWills data represent only 22 percent of the DOAJ journals-those whose editors or publishers responded to a survey.
14 Although the Kaufman-Wills sample is adequate in size, it is not a random sample and does not fully represent the universe of OA publishers.
In 2006, Morris investigated the status and currency of the journals listed in DOAJ, reporting that 5 percent of the journals were inaccessible, partially inaccessible, or not true OA journals; that the median date of the first OA issue was 2000; and that the number of newly established OA journals rose consistently from 1990 to 2001 before declining slightly in each of the following three years. Morris also found substantial differences in size among the OA journals she investigated. 15 More recently, Collins and Walters evaluated the characteristics of 166 DOAJ journals using much the same methods described here. 16 Our analysis is significantly more thorough, however, and is based on the entire population of relevant DOAJ journals rather than a 25-percent sample. This study also presents a number of comparisons that could not have been undertaken with sample data. We used the Directory of Open Access Journals to identify journals for the study, since nearly all the journals in DOAJ meet the second and third criteria listed above. 17 We initially attempted to identify OA journals through other journal directories-EBSCONET, Open J-Gate, Open Science Directory, and Ulrichsweb-but found that none of them met our standards for scholarly OA content. All four include popular magazines as well as journals for which only some of the content is freely and immediately available. 18 While the information in DOAJ is not completely reliable, 19 no other source attempts to be comprehensive in its coverage of OA journals while excluding those that do not meet true OA standards. A small number of DOAJ journals are not peer-reviewed, 20 but virtually all use some form of quality control.
Methods

Scope of the Study
Not all the DOAJ journals meet the first and fourth standards, so we browsed through recent issues to evaluate currency and language of publication. Although Morris reported in 2006 that a substantial number of DOAJ journals were no longer active, 21 we found just a few titles that had not published any recent content. Englishlanguage journals were identified as those that had published any English-language material other than abstracts during the most recent 12 months.
Journal data were gathered in March, April, and May 2009 for each of the qualifying journals in six DOAJ subject areas: biology, computer science, economics, history, medicine (general), and psychology. We selected subject areas representing the life sciences, the physical/mathematical sciences, the social sciences, and the humanities, concentrating on disciplines with a substantial number of OA journals. Of the 868 DOAJ journals in the six subject areas, 663 met all four standards for inclusion in the study; 148 were excluded because they published no English-language content, and 57 were excluded for other reasons (not currently published, not refereed, or not truly OA). All but the JCR data were found at the journals' or publishers' Web sites. Articles per year (item 1) is the number of articles published over the most recent twelve months-for a quarterly, the most recent four issues; for a monthly, the most recent twelve issues. Special supplementary issues were also included. For journals published continuously rather than periodically, we counted the number of articles posted over the past 365 days.
Characteristics of Open Access Journals
(Just a few journals had been published for less than a year. In those cases, we pro-rated the available data to arrive at an annual value.) The article counts include research articles, research notes, full-length review articles, case reports, editorials, and instructional essays. They do not include abstracts of conference papers, announcements, notices, book reviews, brief instructional essays ("Can you identify this lesion?"), errata, or letters to the editor.
The commercial publisher category (item 3) includes six companies for which publishing is a secondary activity. Likewise, the nonprofit publisher category includes 41 agencies that are engaged primarily in research, advocacy, or consulting rather than publishing. The university category includes university presses, academic departments, and other university-affiliated organizations. Sixteen publishers, representing 20 journals, could not be classified.
At 41 journals, the publication fee (item 7) is based on article length. At two journals, the fee is based on the number of authors. In calculating these charges, we assumed ten pages and two authors. Three journals charged submission fees, which we counted as if they were publication fees. Alternative methods of calculating page charges and submission fees produced no substantive changes in the results.
Significance tests were not conducted for the OA journals, since our data include the entire population of interest: the 663 DOAJ journals in six subject areas that met the four standards for inclusion in the study.
Comparing OA and Subscription Journals
Impact factors, representing the number of times a typical article is cited in the two
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years after its publication, are available through Journal Citation Reports for 70 of the 663 OA journals in our study. 23 Only those journals that meet the JCR selection criteria-citedness, consistency of peer review, timeliness of publication, international diversity of editors and authors, and compliance with international editorial conventions-are assigned impact factors. 24 A journal's business or access model has no bearing on the decision to include or exclude the journal, 25 and the proportion of DOAJ journals with impact factors (11 percent) is comparable to the proportion of all academic journals with impact factors (10 to 12 percent). 26 OA and subscription journals with the same impact factor are therefore equal in citation impact-and, arguably, equal in quality.
We compared the 70 OA journals with impact factors to 70 comparable subscription journals. For each OA journal, we identified the English-language subscription journal in the same JCR subject category that had an impact factor closest to that of the OA journal. For instance, PLoS Biology (biochemistry and molecular biology, IF=13.501) was matched with Nature Chemical Biology (biochemistry and molecular biology, IF=13.683); Demographic Research (demography, IF=0.835) was matched with International Migration Review (demography, IF=0.852). If two or more journals had equally close impact factors, we chose the one with a fiveyear impact factor closest to that of the OA journal. If the OA journal appeared under multiple JCR subject categories, we checked each of them to identify the subscription journal with the closest impact factor.
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Our matching procedure appears to have been effective. The average difference in impact factors between the OA and subscription journals is less than 0.02, and only 9 of the 70 matches resulted in discrepancies of 0.10 or more. For the OA journals, the average (median) impact factor is 2.30 (1.34); for the subscription journals, 2.28 (1.32).
Figure 1 Articles per Year, OA Journals
Information on the 70 subscription journals (such as articles per year and publisher) was compiled from the journals' and publishers' Web sites in October 2009.
Our data represent the entire population of relevant OA journals but just a subset (sample) of the corresponding subscription journals. We therefore conducted a significance test for each OA/subscription-journal comparison.
In each instance, we tested whether the value for OA journals (or articles) with impact factors was significantly different from the value for subscription journals (or articles) with matching impact factors (p < 0.10, two-tailed). Each test was a one-sample t test that compared the observed value for the sample of subscription journals with the expected value taken from the population of OA journals.
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Results
Characteristics of Open Access Journals
Articles per year. The 663 OA journals vary dramatically in size (see figure 1 ). Fully 28 percent of them publish 13 or fewer articles per year. Half publish 25 or fewer articles per year, and 75 percent publish fewer than 50. At the same time, the largest journal, PLoS ONE, publishes more than 2,700 articles per year. Together, the 20 largest OA journals account for more than a third of all the OA articles.
Within our study population, the average number of articles per year is 52-a value somewhat higher than reported in previous research. 29 The differences we found among subject areas (see table 1 ) are consistent with those described in earlier studies, however. OA journals in the life sciences typically publish more articles than those in computer science, economics, history, and psychology. On but it also corresponds to the practices of authors in each discipline. For instance, faculty in the biosciences publish almost exclusively in journals. As a group, they value rapid publication, strongly prefer online formats, and tend to be at least somewhat knowledgeable about Open Access. In contrast, authors in economics place less emphasis on rapid publication of articles, rely more heavily on working papers, and have mixed feelings about OA journals. In history, neither journal articles nor online access are central to the discipline, and historians are relatively slow to adopt innovations in scholarly communication. 31 The representation of broad subject areas in our study is comparable to that reported by the Kaufman-Wills Group, who evaluated a sample of 248 DOAJ journals in all disciplines. They found that 45 percent of the DOAJ journals were in science and technology, 34 percent in medicine, 10 percent in the social sciences, and 7 percent in the arts and humanities. 32 Our equivalent figures-38 percent, 35 percent, 20 percent, and 10 percent-suggest that our study population, while limited to six subject areas, is at least roughly representative of OA journals more generally.
Publishers. Our findings for publisher type differ substantially from those reported in previous research. The Kaufman-Wills Group reported that 55 percent of OA journals were commercially published, that 15 percent were published by universities, and that 16 percent were published by scholarly societies or other nonprofit agencies. 33 Our results are markedly different: 28 percent commercial, 32 percent university, and 35 percent society/nonprofit (see table 1 ). Since our journals are comparable in subject to those evaluated by the KaufmanWills Group, the differences in publisher type may be attributed to changes in OA publishing that have occurred over the past five years. Nonprofits, and especially universities, may now play a greater role than they did in the past. Alternatively, the differences in publisher type may reflect a change in the editorial policies of DOAJ-an attempt to provide more comprehensive coverage of nonprofit and university-sponsored journals. Sampling bias may also have led the Kaufman-Wills Group to overestimate the proportion of DOAJ journals that were commercially published. 34 On average, the OA journals sponsored by nonprofit agencies publish more articles than the others. A similar disparity can be seen when we compare the commercially published journals (44 articles per year) with all the other types (53 articles per year). Table 2 , which presents data on the most important OA journal publishers, suggests two reasons for the size disparity. First, the largest nonprofit publisher-the Public Library of Science (PLoS)-has four journals that together publish more than 3,500 articles per year. All four PLoS titles are among the largest OA journals in their subject areas, and the largest PLoS journal, PLoS ONE, accounts for 18 percent of all OA articles in the field of general medicine (see table  3 ). The second reason for the disparity in journal sizes can also be traced to a single publisher. BioMed Central, the largest commercial OA journal publisher, sponsors 49 specialty journals that together account for roughly the same number of articles as the four PLoS journals. Fifteen of the 49 BioMed Central journals publish fewer than 20 articles per year, and two publish fewer than 10 articles per year. As These data are consistent with research which suggests that the annual number of newly established OA journals has been holding steady or declining slightly over time. 35 There are no major variations by subject, except for the relatively high 
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Romanian, Turkish, Italian, and Croatian, among others. Of the 177 journals that include content in languages other than English, a relatively high number (32 percent) are from Central or South America. Publication fees. Many OA journals charge fees to authors or their institutions as a means of generating revenue. Because some OA journals publish far more articles than others (see figure 1) , it is important to distinguish between journals and articles when drawing conclusions about OA publication fees. Just 29 percent of the journals in our study require the payment of fees, but those journals represent 50 percent of the articles. (The proportion of OA articles published by the fee-charging journals is substantially greater than the proportion of OA journals that charge fees, since the journals that charge fees tend to publish more articles per year.) This general finding is consistent with earlier research. 39 At the same time, our figure for the proportion of journals that and North America; 37 in 2009, 31 percent. (The change over time may actually be greater than these figures suggest, since the 2009 statistic includes only those journals that published at least some content in English.) As noted earlier, however, this apparent shift may be due at least partly to changes in the editorial policies of DOAJ.
Languages of publication. More than one quarter (27%) of the journals in our study include articles in languages other than English. Eighteen percent publish in one other language, and 9 percent publish in at least two other languages. One journal, Diálogos: Revista Electrónica de Historia, includes articles in Catalan, English, French, Galician, Italian, Portuguese, and Spanish. The principal languages of the OA journals (see table 4) include eight of the ten most influential world languages-all but Hindi/Urdu and Arabic. 38 However, several other languages are also prominent in the OA environment: Figure 2 illustrates the wide range of publication fees associated with the articles in our study. Further details can be seen in table 5, which shows marked differences across subject areas. Journals in the fields of biology and medicine are especially likely to charge publication fees. They also tend to charge the highest fees-up to $3,000. In contrast, publication fees were levied for just over a third of the articles in computer science and economics, and none of the journals in those fields charged more than $800. Likewise, OA journals in history and psychology seldom charge fees. No history journals require the payment of fees, and just 4 percent of the psychology journals do. Table 5 also reveals substantial differences among the various types of publishers. Publication fees were assessed for 76 percent of the commercially published articles, but for just one third of the articles published by universities or scholarly societies. Perhaps surprisingly, nonprofit publishers (other than universities and societies) are most similar to commercial publishers in this regard; 58 percent of the OA articles published by nonprofit publishers require the payment of publication fees. Moreover, the median fees charged by commercial and nonprofit publishers are essentially the same: $1,295 and $1,300, respectively. The university-sponsored journals that charge publication fees require relatively high payments (median=$2,670), while the society-sponsored journals tend to charge low fees (median=$400).
Nine of the 16 largest OA publishers charge fees for virtually every article they publish (see table 6 ). Within that group, the highest fees are those of Ox- "Journals (% with Fees)" is the percentage of journals that charge fees. "Articles (% with Fees)" is the percentage of articles for which fees were charged. The median, average, minimum, and maximum fees refer to those articles for which fees were charged.
ford University Press, BioMed Central (commercial), Libertas Academica (commercial), and Public Library of Science (nonprofit). The highest fees of all ($3,000) are associated with Molecular Systems Biology, a journal of the European Molecular Biology Organization. Molecular Systems Biology has a very high citation impact but publishes just 54 articles per year. Impact factors. As noted earlier, Journal Citation Reports provides impact factors for 70 of the 663 OA journals in our study. 41 "Articles (% with Fees)" is the percentage of articles for which fees were charged. "Average Fee ($)" refers to those articles for which fees were charged. Fee information is not available for the University of Oradea journal that charges fees. "Average Articles per Year" is the average number of articles per journal per year. "Average Fee ($)" refers to those journals and articles for which fees were charged.
4. While just 29 percent of the OA journals in our study charge publication fees, the proportion is much higher among the OA journals with impact factors: 57 percent. The journals with impact factors also tend to charge somewhat higher fees.
As table 7 shows, most of these same relationships are apparent when articles, rather than journals, are considered.
The impact and importance of the very best OA journals is indisputable. Several of the journals listed in table 8 rank among the top ten journals (OA As table 9 shows, many of the differences between OA and subscription journals can also be seen at the article level. In particular, the difference in publication fees is even more dramatic when evaluated in terms of articles. Publication fees were levied for 70 percent of the articles in OA journals with impact factors but for just 15 percent of the articles in comparable subscription journals.
Discussion
As noted earlier, OA journals appear to hold special promise for both noncommercial publishers and publishers in developing countries. In comparison with subscription journals of equal citation impact, English-language OA journals are especially likely to be published by universities, scholarly societies, and other nonprofit agencies; by publishers outside Europe and North America; and in multiple languages. Moreover, the characteristics that make OA journals distinctive appear to be growing in importance over time. When considered in the context of earlier research, 44 our analysis shows that universities, nonprofit/society publishers, and publishers outside Europe and North America each account for a higher proportion of OA journals in 2009 than they did in 2005.
However, these overall statistics understate the importance of several major British and American publishers. Just three publishers-PLoS, BioMed Central, Because this study examined the characteristics of OA publishers rather than OA authors, we cannot say with confidence whether OA journals provide especially attractive publishing opportunities for authors at less research-intensive colleges and universities. However, our data suggest that publication fees are not a major barrier to authorship within the fields of computer science, economics, history, and psychology. Within those four disciplines, fewer than 25 percent of OA journals require the payment of fees. This is fortunate, since publication fees are a major factor in authors' decisions about where to submit their work. 45 The situation is very different in biology and medicine, however, where fees are levied for more than 59 percent of all OA articles. In fact, the journals in the DOAJ biology and medicine (general) categories are different from the others in several respects. They publish more articles, they are more likely to be highly cited, and the fees they charge are roughly three times those of OA journals in the other four subject areas. All these findings are consistent with the recent emphasis on OA publishing in the life sciences. Because major biomedical funding agencies tend to support Open Access and may even require it, 46 authors with grant funding sometimes have a special incentive to submit their work to OA journals. If that situation persists, submissions from grant-funded authors might eventually crowd out the papers submitted by other scholars.
This paper updates the work of the Kaufman-Wills Group 47 and extends their analysis in certain respects. Nonetheless, there are a number of important questions that neither study has addressed. Some of these questions can be answered through the compilation and analysis of currently available evidence. 35, 000 faculty showed that the library's role in purchasing (leasing) information resources is now regarded as more important than its role as an information gateway, information archive, or center for teaching and research support. 52 Will the library be able to maintain a central role in the academic environment if scholarly papers are freely available online? Finally, this study confirms a methodological point that was introduced in an earlier paper. 53 Because journals vary greatly in size, the characteristics of journal articles (OA or otherwise) can be substantially different from those of the journals in which they appear. For instance, 20 percent of the journals in our study, but more than 30 percent of the articles, can be found in the DOAJ biology category. Likewise, just 29 percent of the OA journals charge publication fees, but those journals represent 50 percent of the articles in our study. Investigations of scholarly publishing should perhaps focus on articles rather than journals, since it is articles-not journals-that authors write, students read, and scholars use in their work.
Notes
